The with-no-lysine (K) (WNK) signaling pathway to STE20/SPS1-related proline-and alanine-rich kinase (SPAK) and oxidative stressresponsive 1 (OSR1) kinase is an important mediator of cell volume and ion transport. SPAK and OSR1 associate with upstream kinases WNK 1-4, substrates, and other proteins through their C-terminal domains which interact with linear R-F-x-V/I sequence motifs. In this study we find that SPAK and OSR1 also interact with similar affinity with a motif variant, R-x-F-x-V/I. Eight of 16 human inward rectifier K + channels have an R-x-F-x-V motif. We demonstrate that two of these channels, Kir2.1 and Kir2.3, are activated by OSR1, while Kir4.1, which does not contain the motif, is not sensitive to changes in OSR1 or WNK activity. Mutation of the motif prevents activation of Kir2.3 by OSR1. Both siRNA knockdown of OSR1 and chemical inhibition of WNK activity disrupt NaCl-induced plasma membrane localization of Kir2.3. Our results suggest a mechanism by which WNK-OSR1 enhance Kir2.1 and Kir2.3 channel activity by increasing their plasma membrane localization. Regulation of members of the inward rectifier K + channel family adds functional and mechanistic insight into the physiological impact of the WNK pathway.
The with-no-lysine (K) (WNK) signaling pathway to STE20/SPS1-related proline-and alanine-rich kinase (SPAK) and oxidative stressresponsive 1 (OSR1) kinase is an important mediator of cell volume and ion transport. SPAK and OSR1 associate with upstream kinases WNK 1-4, substrates, and other proteins through their C-terminal domains which interact with linear R-F-x-V/I sequence motifs. In this study we find that SPAK and OSR1 also interact with similar affinity with a motif variant, R-x-F-x-V/I. Eight of 16 human inward rectifier K + channels have an R-x-F-x-V motif. We demonstrate that two of these channels, Kir2.1 and Kir2.3, are activated by OSR1, while Kir4.1, which does not contain the motif, is not sensitive to changes in OSR1 or WNK activity. Mutation of the motif prevents activation of Kir2.3 by OSR1. Both siRNA knockdown of OSR1 and chemical inhibition of WNK activity disrupt NaCl-induced plasma membrane localization of Kir2.3. Our results suggest a mechanism by which WNK-OSR1 enhance Kir2.1 and Kir2.3 channel activity by increasing their plasma membrane localization. Regulation of members of the inward rectifier K + channel family adds functional and mechanistic insight into the physiological impact of the WNK pathway.
WNK1 | hypertension | SPAK | kinase cascade T he signaling pathway composed of the with-no-lysine (K) (WNK) protein kinases and their substrate protein kinases STE20/SPS1-related proline-and alanine-rich kinase (SPAK) and oxidative stress-responsive 1 (OSR1) is an important mediator of cell volume and ion transport that helps regulate blood pressure, neurotransmission, angiogenesis, and other physiological processes (1) (2) (3) (4) . The pathway has been linked to numerous disease states, including hypertension, neuropathies, and cancer (5) (6) (7) (8) (9) (10) (11) .
Each of the four WNKs is activated by autophosphorylation in response to both low intracellular Cl − and hyperosmotic stress (2, (12) (13) (14) . WNKs then phosphorylate SPAK and OSR1, closely related Ste20 family kinases, at sites within their activation loops and C terminal to the end of the core kinase domain to increase their activities (Fig. 1A) . The best-characterized regulation of ion transport by SPAK and OSR1 is through phosphorylation of the cytoplasmic regions of the SLC12 family of cation chloride cotransporters (NCC, NKCCs 1 and 2, and KCCs 1-4) (15) . Phosphorylation of the cotransporters activates NCC and NKCCs and deactivates KCCs (16) .
In addition to direct cotransporter phosphorylation by SPAK/ OSR1, WNKs have also been shown to modulate activities of some ion channels and cotransporters proteins by altering their cell surface expression. WNK1 activation of SGK1 leads to the phosphorylation of E3 ubiquitin ligase Nedd4-2 which decreases its interaction with the epithelial Na + channel (ENaC) increasing its plasma membrane residence (17, 18) . Mice overexpressing kidney-specific WNK1 (KS-WNK1) have decreased cell surface expression of NCC and NKCC2 in the distal convoluted tubule and thick ascending limb of the kidney, respectively (19, 20) . KS-WNK1 lacks most of the kinase domain and antagonizes the effects of full-length WNK1 (21, 22) . WNK1 and WNK4 inhibit ROMK (renal outer medullary potassium channel, Kir1.1), a member of the inward rectifier K + channel (IRK) family, by decreasing its cell surface expression (22) . This occurs through interactions of either WNK1 or WNK4 with intersectin and ROMK in a kinase activity-independent manner (23) . Regulation of ENaC and ROMK by WNKs, in addition to well-known effects of WNKs on cation chloride cotransporters NCC and NKCC2, likely contribute to hypertension and hyperkalemia in pseudohypoaldosteronism type II (PHA2), a single gene form of hypertension caused by increased expression of WNK1 or WNK4 (24) (25) (26) (27) .
Activation of SPAK and OSR1 by WNKs and regulation of SLC12 cotransporters depends on an interaction between the SPAK/OSR1 conserved C-terminal (CCT) domains, also called PF2 domains (P from PASK, another name for SPAK, and F from Fray, the Caenorhabditis elegans homolog), and linear sequence motifs in partners including WNKs and SLC12 cotransporters (28) (29) (30) (31) . This motif contains a consensus sequence of R-F-x-V/I. It has been generally accepted that this motif signature is strictly required for CCT interaction since its identification more than 15 years ago (28) .
By examining the effects of mutations in known R-F-x-V/I motifs on CCT domain interactions we determined that the sequence Significance With-no-lysine (K) (WNK) protein kinases regulate ion transport. Mutations in WNKs 1 and 4 can cause a monogenic hypertension, pseudohypoaldosteronism type II (PHA2). The WNK-regulated protein kinases STE20/SPS1-related prolineand alanine-rich kinase (SPAK) and oxidative stress-responsive 1 (OSR1) mediate actions of WNKs on cation chloride cotransporters. The conserved C-terminal domains (CCTs) of OSR1/ SPAK recognize linear R-F-x-V/I motifs in transporters and other protein targets. We discovered that OSR1/SPAK CCTs also recognize a motif variant, R-x-F-x-V/I, found in 8 of 16 inward rectifier K + (IRK) channels. We show that WNK and OSR1 regulate IRK channels, dependent on the presence of the variant motif. WNK kinase activity-dependent regulation of ion channels reveals a previously unknown mechanism and expands knowledge of potential WNK-OSR1/SPAK actions in cardiac and renal physiology.
R-x-F-x-V/I is also able to interact with similar affinity with CCT domains of OSR1 and SPAK. Eight of the 16 IRK channel family members [not including Kir1.1 (ROMK)] contain an R-x-F-x-V motif. IRK channels control essential processes throughout the body, including the circulatory system and vasculature as well as neuronal excitability (32) (33) (34) . We tested 2 of the 8 IRK channels with the variant motif, Kir2.1 and Kir2.3, and found that their activities are regulated by OSR1. We confirmed that the motif is required for regulation of Kir2.3. Inhibition of WNKs or depletion of OSR1 also decreased the NaCl-induced plasma membrane localization of Kir2.3, suggesting a mechanism whereby WNK and SPAK/OSR1 regulate the activity of Kir2.3 by modulating the abundance of the channel at the cell surface. We suggest that other members of the IRK family may be regulated in a similar manner, extending the physiological impact of the WNK pathway.
Results
Evaluating R-F-x-V/I Binding Specificity on Peptide Arrays. SLC12 cation chloride cotransporters were originally found to be regulated by dephosphorylation by phosphoprotein phosphatase 1 (35) , implying that a kinase was also required. This led to the identification of OSR1 and SPAK as the cotransporter regulatory kinases (28, 36) . At the same time SPAK/OSR1 were shown to bind directly to multiple SLC12 cotransporters through their conserved CCT domains. From examining the interacting regions, a nine residue sequence was implicated in binding the CCT with highly conserved residues yielding the R-F-x-V/I motif (28) . The binding mode and importance of the conserved residues of the motif was subsequently revealed through determination of the CCT domain structure (37) . Several motifs are present in WNK1 that bind SPAK and OSR1 (3, 31, 38) . To evaluate relative interactions with different R-F-x-V/I motifs, we tested binding of purified OSR1 and SPAK CCT domains (Fig. 1A ) to membranes spotted with systematically mutated synthetic peptides derived from the motif to generate a higher volume peptide binding assay (Fig. 1B) .
R-x-F-x-V/I Is an Alternative SPAK/OSR1 CCT Domain Binding Motif. To determine the contribution of each residue within the human WNK1-derived peptide, 1253 
SAGRRFIVSPVPE
1265 (accession Q9H4A3) to human His 6 -tagged SPAK CCT domain (residues 449-545), we incubated His 6 -SPAK CCT with a membrane containing an immobilized peptide array with each position along the peptide mutated to alanine and identified CCT binding by immunoblotting with an anti-His 6 antibody (Fig. 1B) . As expected, mutation of F1258 and V1260 led to significant disruption of the interaction, as did mutation of the residues S1261 and P1262, which follow the motif. An unanticipated result was that mutation of R1257 to alanine did not significantly disrupt binding, implying that an arginine, one position displaced (R1256), was capable of substituting for the arginine known to be required for a functional motif (R1257).
To further investigate whether R-x-F-x-V/I is an alternative SPAK/OSR1 CCT interaction motif, we used the same peptide but with the substitution R1257A and systematically mutated the positions on either side of R1256 to every other amino acid to determine the effects on binding His 6 -SPAK CCT and His 6 -OSR1 CCT (residues 433-527). Using the same immobilized peptide immunoblot methodology in peptide array format (Fig.  1C) , we found that R1257 could be mutated (to any amino acid except P, G, or D) without significant loss of binding, and G1255 could be mutated to any amino acid except E. A proline in place of arginine at position 1257 will diminish peptide backbone flexibility, while a glycine will enhance flexibility; introducing negative charges at positions 1255 and 1257 (G1255D or R1257E) are likely to diminish the electrostatic interaction with the negatively charged peptide binding surface of the CCT domain. These results suggest that the alternative position of the arginine in R-x-F-x-V/I is not dependent on the amino acid identity of the flanking residues because nearly all of the substituted peptides still bound the CTT domain.
We then measured fluorescence anisotropy in peptide binding competition assays to quantify the binding (K i ) of wild-type and mutant WNK1 peptides to the His 6 -OSR1 CCT and His 6 -SPAK CCT domains (Fig. 1D ). We developed a fluorescent peptide probe, NH 3
that is a chimera of WNK4 and WNK1 R-F-x-V peptide sequences with an internally incorporated fluorescein derivative (FAM) conjugated to diaminopropionic acid. This probe has affinities (K d ) of 0.70 ± 0.10 μM for His 6 -SPAK CCT and 1.6 ± 0.3 μM for His 6 -OSR1 CCT (SI Appendix, Fig. S1A ).
Affinities for the unlabeled WNK1 peptides to the His 6 -OSR1 CCT were 5.1 ± 0.4 μM for wild type, 8.4 ± 0.6 μM for R1256A, 16.1 ± 0.8 μM for R1257A, and 410 ± 72 μM for R1256A/ R1257A, while affinities for the peptides to the His 6 -SPAK CCT were 2.6 ± 0.2 μM for wild type, 3.4 ± 0.3 μM for R1256A, 8.0 ± 0.4 μM for R1257A, and 120 ± 7 μM for R1256A/R1257A ( Fig. 1D) . The binding constants were weaker by ∼40-to 50-fold for peptides lacking both arginines, but within 2-to 3-fold of the wild-type peptide if one or the other arginine was mutated. These results indicate that it is possible for motifs containing arginine at either position to bind SPAK or OSR1 CCT domains with similar affinities in the case of the WNK1 1253-1265 peptide. The quantitative anisotropic data and semiquantitative peptide array data show that R-x-F-x-V/I is also a valid SPAK/ OSR1 CCT domain binding motif ( Fig. 1 C and D) .
OSR1 Kinase Activity Enhances Kir2.1 and Kir2.3 Channel Activity. We examined proteins that contained R-x-F-x-V/I motifs and found that 8 of 16 IRK channel family members contain the sequence R-x-F-x-V (Fig. 1E) . All of the Kir2.x and some of the Kir3.x IRK family members contain the motif, while ROMK (Kir1.1), which is known to be regulated by WNK kinases via a kinase activity-independent mechanism, does not. The motifs from the 8 IRK family members are conserved in both mouse and frog, are predicted to be present in the cytosol, and lie on solventaccessible loops exposed in the monomeric forms of IRK channels based on the crystal structure of Kir2.2 and other IRK channels (39, 40) (Fig. 1F) . The functional channel is a tetramer, and the motif-containing loop is partially buried in the interface between cytoplasmic domains (CDs) of the subunits in the IRK channel tetramer. A peptide corresponding to the Kir2.3 motif, RIFLVSP, bound to the OSR1 CCT domain (SI Appendix, Fig. S1B ).
We investigated the influence of kinase activity on IRK channel activity in cells. We compared effects of wild-type OSR1 and an active OSR1 mutant in which the two WNK phosphorylation sites, T185, within the activation loop, and S325, immediately following the core kinase domain, were mutated to glutamate (Fig. 1A) . Coexpression of active OSR1 T185E/S325E (OSR1 CA ) and Kir2.1 in HEK293 cells led to nearly a 2.5-fold increase in Kir2.1 channel activity, measured as current density by whole-cell patch clamp, compared with Kir2.1 alone (Fig. 2 A  and C) . Coexpression of OSR1 CA and Kir4.1, which does not have an R-x-F-x-V motif, did not result in an increase in activity compared with channel alone (Fig. 2 B and C) . Current density was roughly proportional to the amount of DNA transfected and in neither case did OSR1 affect current from Kir4.1. Kir2.1 coexpressed with wild-type OSR1 had activity similar to the vector control, as did coexpression of the the channel with the OSR1-activating kinase, WNK1 alone (Fig. 2D) . However, coexpression with both WNK1 and wild-type OSR1 led to an increase in Kir2.1 channel activity, which approached that caused by OSR1
CA . These results demonstrate that active OSR1 increases Kir2.1 channel activity (Fig. 2) .
To further substantiate the ability of the variant motif to confer regulation by WNK1/OSR1, we tested a second channel, Kir2.3. Expression of Kir2.3 with wild-type OSR1 led to an increase in Kir2.3 channel activity, that was further increased by coexpressing the channel with the active mutant OSR1 CA . A twofold increase in channel activity was observed (Fig. 3A) . Coexpression of Kir2.3 with OSR1
CA lacking its CCT domain (OSR1 CAΔCCT ) or mutated to impair kinase activity (OSR1 CA/KD , D146N) resulted in no change in channel activity, suggesting that both the ability of OSR1 to bind the motif through its CCT and OSR1 catalytic activity were required for the increase in channel activity. The finding that channel activity was above that in cells expressing vector control may be due to the ability of OSR1 to form active dimers with endogenous protein (41) .
To determine whether the increase in activity of Kir2.3 in the presence of wild-type OSR1 was aided by endogenous WNK1, we performed similar experiments but in cells in which WNK1 was depleted using siRNA (Fig. 3B) . Reduced WNK1 expression did not change channel activity in cells expressing the vector control or active OSR1
CA , but resulted in Kir2.3 activity in cells expressing wild-type OSR1 that was similar to that in cells expressing the vector control. These findings suggest that endogenous WNK1 increases the activity of OSR1 which causes the increase in Kir2.3 channel activity.
To assess whether the Kir2.3 R-x-F-x-V motif was required for sensitivity to regulation by OSR1, we mutated the motif in Kir2.3 by removing the essential R252 and replacing it with lysine or alanine. Kir2.3 R252K expressed with vector control displayed only a minor decrease in channel activity compared with wild type (Fig. 3C) . The mutation did not significantly impact oligomerization of the cytoplasmic domain, as assessed by gel filtration (Fig. 3D ). Kir2.3 R252A had much reduced channel activity, most likely because a positive charge at that position in the interface is required for formation of the functional tetramer. The Kir2.3 channel mutants were coexpressed with OSR1 CA (Fig. 3C) . Neither Kir2.3 R252K nor R252A exhibited an increase in activity in the presence of OSR1 CA . These findings provide additional evidence that the motif confers sensitivity to regulation of channel activity by OSR1. (40) . SPAK 62-556 T243E, encompassing the kinase and CCT domains, and OSR1 T185D showed no appreciable activity toward MBP-Kir2.3 cyto (SI Appendix, Fig. S2 ). Under the same conditions, GST-NKCC2 1-175, a well characterized SPAK/OSR1 substrate, was highly phosphorylated as deduced by phosphate incorporation and gel shift. The addition of Mo25α, which further activates SPAK and OSR1 by nearly 100-fold, did not induce phosphorylation (42, 43) . Analysis of Kir2.3 by mass spectrometry from in vitro labeling and from intact cells, did not reveal posttranslational modifications that were associated with the presence of OSR1 CA or SPAK 62-556 T243E (data not shown). Under the conditions tested, there is no clearly defined phosphorylation of Kir2.3, suggesting that SPAK and OSR1 do not regulate Kir2.3 channel activity by phosphorylating the channels themselves.
Several channels and cotransporters are regulated by WNKs by a change in protein localization (23, (44) (45) (46) (47) . Therefore, we examined the effects of manipulating WNK and OSR1 activity on the localization of Kir2.3. To detect the channel, a FLAG tag was inserted between residues A95 and A96 in the extracellular loop. In cells in standard medium, Kir2.3 appeared most concentrated in the perinuclear region with some diffuse in the cytoplasm. Because NaCl activates WNKs and OSR1/SPAK, we assessed effects of NaCl on the channel. Addition of 150 mM NaCl to the medium increased the percentage of cells with Kir2.3 near the plasma membrane (Fig. 4A) . Increased localization at the cell surface could account for the increase in Kir2.3 activity. To determine whether OSR1 was important for the changes in localization, we knocked down OSR1 using siRNA, and found that depleted OSR1 prevented NaCl-induced membrane localization of Kir2.3 and appeared to reduce its cytoplasmic distribution as well (Fig. 4A) . OSR1 knockdown did not affect the amount of Kir2.3 expressed (SI Appendix, Fig. S3) . Similarly, treatment with the pan-WNK inhibitor, WNK463, also significantly decreased the NaCl-induced membrane localization of Kir2.3 (Fig.  4B) . We interpret these results to indicate that activation of WNK pathway signaling leads to an increase in Kir2.3 at the cell surface, thereby increasing current density (SI Appendix, Fig. S5 ).
Discussion
The Ste20 family kinases SPAK and OSR1 contain a ∼90 residue CCT domain that binds short linear R-F-x-V/I motifs that were identified more than 15 years ago (28) . In analyzing CCT domain specificity for residues in a WNK1 motif, we found that the CCT domain can also accommodate the insertion of a residue between the arginine and phenylalanine in the linear motif. A simple molecular model of the OSR1 CCT bound to a AAR-AFQVT peptide based on the structure of OSR1 CCT bound to a GRFQVT peptide further supports this idea (SI Appendix, Fig.  S4 ). Binding is maintained with residues adjacent and on either side of the arginine mutated to most other amino acids. In examining the structure of the CCT domain, the RxFxV motif can assume a conformation that allows it to fit into the pocket. The positions of the C β carbons on the residues adjacent to the arginine in the model support this idea (SI Appendix, Fig. S4 ). Interestingly, all four of the KCCs in the SLC12 family have a variant motif that may enable them to interact with OSR1 and SPAK. WNKs regulate the activity of KCCs, but only two of the KCCs have the typical R-F-x-V motif. Only one interaction between an R-F-x-V fragment of KCC3 and the SPAK and OSR1 CCTs has been demonstrated by yeast two hybrid screening (28) .
The plasma membrane localization of Kir2.3 was increased by NaCl in the presence of OSR1. What is not yet clear from our analysis is why the kinase activity of OSR1 is needed to increase channel activity when the channel itself is not a substrate. In vitro, active SPAK/OSR1 did not phosphorylate the intracellular domain of the channel even under conditions in which all of an intracellular fragment of NKCC2, a known substrate, displayed an altered electrophoretic mobility after phosphorylation. The CCT is connected to the kinase domain by nearly 100 residues with little predicted structure. The likely flexibility of this CCT linker may provide the kinase domain access to substrates more than 100 Å from the CCT-bound channel. Because the translocation of the channel is dependent on OSR1, regulation of trafficking mechanisms by phosphorylation must be considered likely possibilities. Intersectin binds to WNKs and mediates WNK-dependent endocytosis of ROMK. Although WNK kinase activity is not required, intersectin is highly phosphorylated and may be subject to functional regulation by OSR1/SPAK under certain circumstances. Sortilin, which also contains an R-F-x-V motif, has been implicated in WNK4-dependent trafficking of NCC to lysosomes in Cos-7 cells, for example. NCC colocalized with a lysosomal marker in a perinuclear pattern, reminiscent of Kir2.3 staining with OSR1 depletion (20) . Few of the numerous phosphorylation sites in intersectin and sortilin are understood functionally. Several E3 ubiquitin ligases such as Nedd4-2 and Kelch-like proteins with cullin E3 ligases may also participate in controlling the kinase activity-dependent localization of Kir2.3 (18, 26, 27, 48) .
Proteins that rely on binding to the Kir2.x C-terminal PDZ domain binding motif are known to form multiprotein complexes with Kir2.x and these may be linked to OSR1/SPAK regulation of the channels (49) . For example, Tax-interacting protein-1 (TIP-1) is known to enhance internalization of Kir2.3 through PDZ domain interaction with the C terminus of Kir2.3. Phosphorylation of the C-terminal Kir2.3 PDZ binding motif, presumably by PKA, prevents TIP-1-mediated internalization (50) . Kir2.3 has also been shown to be constitutively internalized via an AP-2 clathrin-dependent mechanism Transcellular Na + reabsorption by the distal nephron of the kidney involves Na + entry from the urinary space into cells through the apical epithelial Na + channel ENaC. WNK1 stimulates ENaC and inhibits the K + channel ROMK in the apical membrane of the connecting tubule and the cortical collecting duct. Both of these channels are controlled by kinase activityindependent mechanisms (18, 23) . Na + that enters the cells from the urine is moved across the basolateral membrane into the circulation by Na + -K + -ATPase which results in K + accumulation in cells. The exit of K + from the cells is essential for continued Na + extrusion by Na
.3 is present in the basolateral membrane of the distal nephron (52) and may fill this required function by mediating K + exit from the cells across the basolateral membrane into the circulation. Stimulation of Kir2.3 by WNK1-OSR1 would therefore be expected to increase transcellular Na + reabsorption by the distal nephron, which may contribute to hypertension in patients with PHA2 caused by gain-offunction WNK1 mutations.
Kir2.1, Kir2.2, and Kir2.3 have established functions in heart, brain, skeletal muscle, and the vasculature, as well as less defined roles in other tissues (32) . In cardiomyocytes, the current carried by IRK channels is central to determining the characteristics of the cardiac action potential (34) . Kir2.x channel subunits are crucial for maintaining the resting membrane potential and excitability of certain neurons, and Kir 2.1 is involved in regulating blood pressure (33) . These physiological processes may also be modulated by actions of the WNK-OSR1/SPAK pathway on these and additional IRK channels with the variant CCT binding motif.
Methods
Additional methods appear in SI Appendix, Extended Methods.
Membrane-Immobilized Peptide Blots. Immobilized peptide membranes were purchased from Kinexus Bioinformatics Corp. Approximately 200 nmol of Nterminal acetylated peptides per spot was chemically synthesized on a TOTD membrane by coupling of the C terminus of the peptide to the membrane, and peptide synthesis was carried out on the membrane. Membranes were rinsed with EtOH, then washed for 30 min with TBST (0.1% Tween). Membranes were blocked for 60 min with 1:1 Odyssey blocking buffer to TBST [blocking solution, incubated with 300 μM His 6 -SPAK CCT (residues 449-545) or His 6 -OSR1 CCT (residues 433-527)] in blocking solution for 60 min, washed 2 × 5 min in TBST, incubated with 1:1,000 mouse anti-His 6 antibody (Clontech) for 15 min, and washed 2 × 5 min in TBST followed by incubation with 1:500 LI-COR IRDye 680RD mouse secondary antibody for 15 min. Membranes were washed 4 × 5 min in TBST before quantification by LI-COR Odyssey. , except for first row, were treated with ±150 mM NaCl and ±OSR1 siRNA (siOSR1). Fluorescence microscopy images were obtained for staining with indicated antibodies or chemicals (Top labels). Cells were categorized independently both based on whether they had a primarily perinuclear and plasma membrane localization. NS, not significant, **P ≤ 0.01, ***P ≤ 0.001. (B) As in A except ±WNK inhibitor WNK463 instead of ±siOSR1. NS, not significant, *P ≤ 0.05, **P ≤ 0.01.
